

■it th^lm.m.mtl ilU.UilililHL I F V\\\* 



I 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

March 17, 1998 



'JUL 1 6 1998 
GROUP isui 



THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM THE 
RECORDS OF THE UNITED STATES PATENT AND TRADEMARK OFFICE OF 
THOSE PAPERS OF THE BELOW IDENTIFIED PATENT APPLICATION THAT 
MET THE REQUIREMENTS TO BE GRANTED A FILING DATE UNDER 
35 USC 111. 

APPLICATION NUMBER: 07/473,318 
FILING DATE: February 1, 1990 




By Authority of the 

COMMISSIONER OF PATENTS AND TRADEMARKS 




D. SMITH 
Certifying Officer 




II 473318 

I* ATE NT APPLICATION SERIAL NO. 



U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 
FEE RECORD SHEET 



02/16/90 07473318 



I 201 1.163.00 CX 



l« 1 

1990 



EXPRESS MAIL NO. BOU 781 05H 

0? 473318 



0510.013 



TO ALL WHOM IT MAY CONCERN: 



Do it known that I, Dennis C. Liotta, a citizen of the 
United States of A»erica, and Woo-Oaog Choi, a citizen of the 
Republic of Korea, residing at 793 Post Road Way, stone Mountain, 
Ceorgia 30088; and 3213A Flowers Road, s., Atlanta, Georgia 
30341. respectively, have invented now and uaeful improvements in 
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METHOD A ND COMPOSIT IONS FOR T H r ^Y NTH EfiIS of 



AND RELATED COMPOUNDS 



for which tho following is a epecificati 
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BACKGROUND OP THE INVENTTOq 

The present invention relates to methods and 
compositions for preparing antiviral nucleoside analogs, 
particularly BCH-189 (2 • , 3 • -didooxy-3 '-thia-cytidine) . More 
particularly, the invention rolatos to the scloctivo synthesis of 
the fl-isomcr of BCH-189 and related compounds as well as the 
scloctivo synthesis of enantiomorically-enriched BCH-189 and 
related compounds. 

In 1931, documentation began on the disease that bocaao 
known as Acquirod Immune Deficiency Syndrome (AIDS), as well as 
itu forerunner AIDS Related Complox (ARC). In 1903, tho cause of 
tho disoaso AIDS was established as a virus named tho Human 
Immunodeficiency Virus typo 1 (HIV-l) . Usually, a porson 
infected with tho virus will eventually dovolop AIDS; in all 
known cases of AIDS tho final outcome has always boon death. 




Tho disoaso AIDS is tho end result of an HIV-l virus 
following its own complex lifo cycle. Tho virion lifo cycle 
begins with tho virion attaching itself to the host husan T-4 
lymphocyto immune coll through tho bonding of a glycoprotein on 
tho surface of tho virion's protective coat with tho CD4 
glycoprotein on the lymphocyte coll. Onco attachod, the virion 
sheds its glycoprotein coat, penetrates into tho membrane of tho 
host cell, and uncoats its RNA. The virion enzyme, reverse 
transcriptase, directs the process of transcribing tho RNA into 
singlo strandod DNA. The viral RNA is degraded and a second DNA 
strand is created. The now double-stranded DNA is integrated 
into tho human cel^s gones and those genes aro usod for coll 
reproduction. 



At this point, the human cell carries out its 
reproductive process by using its own RNA polymerase to 
transcribe the integrated DNA into viral KNA. Tho viral RNA is 
translated into glycoproteins, structural protoins, and viral 
enzymes, which asscmblo with tho viral RNA intact. When tho host 
coll finishes tho r .productive stop, a now virion cell, not a T-4 
lymphocyto, buds forth. The number of HIV-l virus cells thus 
grows whilo tho number of T-4 lymphocytes decline* 

Tho typical human immune system response, killing tho 
invading virion, is- taxed- bocauso a largo portion of tho virion's 
lifo cyclo is spont in a latent state within the inununo coll. In 



addition, viral rovorao transcriptase, the enzyme used in making 
a now virion coll, is not vory specific, and causos transcription 
miutakos that result, in continually changed glycoproteins on the 
surraco of the viral protective coat. This lack of . specif icity 
decroasos the immune system's effectiveness because antibodies 
specifically produced against one glycoprotein may bo useless 
against anothor, honce reducing tho number of antibodies 
available to fight tho virus. Tho virus continues to grow while 
tho immune response system continues to weaken. Evontually, tho 
HIV largely holds froo reign ovor the body's immuno syutom, 
allowing opportunistic infections to set in and ensuring that, 
without tho administration of antiviral agents and/or 
immunomodulatory death will results. 

There arc throo critical points in the virus's life 
cycle which have been identified as targots for antiviral drugs: 
(1) tho initial attachment of the virion to tho T-4 lymphocyte, 
or macrophago, site, (2) the transcription of viral RNA to viral 
DNA, and (3) tho assemblage of tho new virion cell during 
reproduction. 

Inhibition of tho virus at tho socond critical point, 
tho viral RNA to viral ONA transcription process, ho« providod 
tho bulk of tho therapies uood in troating AIDS. This 
transcription muut occur for tho virion to reproduce bocausa the 
virion's gonoo uro encoded in RNA; tho host cell reads only ONA. 



Dy introducing drugs that block the reverse transcriptase fron 
completing tho formation of viral DMA, HIV-l replication can be 

stopped. 

Nucleoside analogs, such as 3 '-azido-3 '-dooxythyaidinc 
(A2T) , 2',3«-dideoxycytidine (ODC) , 2 • . 3 '-didcoxythymidinene 
(D4T), 2\3'-didooxyinosino (00Z), and various f luoro-dorivatives 
of those nucleosides are relatively effective in halting HIV 
replication at tho reverse transcriptase stage. Another 
promising reverse transcriptase inhibitor is 2 • , 3 '-didooxy-3 
thia-cytidine (BCH-189) , which contains an oxathiolan. ring 
substituting for tho sugar moiety in the nucleoside, 

AZT is a successful anti-HlV drug because it sabotages 
tho formation of viral DMA inside the host T-4 lymphocyte cell. 
When AZT enters tho coll, cellular kinases activate AZT by 
phosphorylation to AZT triphosphate. AZT triphosphate then 
competes with natural thymidine nucleosides for the receptor site 
of HIV reverse transcriptase enzyme. The natural nucleoside 
possesses two reactive ends, the first fo. attachment to the 
provioue nucleoside and the aecond for linking to the next 
nucleoside. The AZT molecule has only the first reactive end; 
onco inside tho HIV enzyme site, the AZT azlde group terminates 
viral ONA formation because the azido cannot make the 3\5»- 
phosphodiootor with the rib'ose moiety of tho following 
nuclooaido. 



AZT's clinical benefits include increased longevity, 
reduced frequoncy and severity of opportunistic infections, and 
increased peripheral CD4 lymphocyte count. Immunosorbent assays 
for viral p24, an antigen used to track HIV-1 activity, show a 
significant decrease with use of AZT* Hovovor, AZT*s ronofits 
must be weighed against tho sovero adverse reactions of bnne 
marrow suppression, nausea, myalgia, insomnia, severe hoadaches, 
anemia, peripheral nouropathy, and soizuros. Furthermore, these 
adverse side effects occur immediately after treatmont begins 
whereas a minimum of six woeks of therapy is necossary to realizo 
AZT's benefits. 

Both DDC and D4T are potent inhibitors of HIV 
replication with activities comparable (D4T) or superior (DDC) to 
AZT. However, both DDC and D4T are converted to their 5' 
triphosphates loss efficiently than their natural analogs and art 
rosistent to doaminasos and phosphorylases. Clinically, both 
compounds aro toxic. Currontly, DDI is used in conjunction with 
AZT to treat AIDS. However, DDI's side effects include sporadic 
pancroatis and poriphoral neuropathy. Initial tests on 3'- 
f luoro-2 • -3* -didooxy thymidine show that its anti-viral activity 
is comparable to that of AZT. 

Rocent tests on BCH-189 have shown that it possesses 
anti-HIV activity similar to AZT and DDC, but without tho coll 
toxicity which causes tho dobilitating side effects of AZT and 
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DDC. A sufficient quantity of BCH-189 is needed to allow 
clinical testing and treatment using the drug. 

The comnonly-uscd chemical approaches for synthesizing 
nucleosides or nucleoside analogs can be classified into two 
broad categories: (1) those which modify intact nucoosides by 
altering the carbohydrate, the base, or both and (2) those which 
modify carbohydrates and incorporate the base, or its synthetic 
precursor, at a suitable stage in the synthesis. Because BCH-189 
substitutes a sulfur atom for a carbon atom in tho carbohydrate 
ring, the second approach is moro feasible, Tho most important 
factor in this latter strategy involvos delivering tho base from 
tho fl-racc of tho carbohydrate ring in tho glycosylation roaction 
because only tho ft-isomors exhibit useful biological activity. 

It is well known in the art that the stereoselective 
introduction of bases to the anomcric centers of carbohydrates 
can bo controlled by capitalizing cn tho neighboring group 
participation of a 2-substitucnt on the carbohydrate ring f Chem. 
li££. 114: 1234 (1981)). However, UCH-189 and its analogs do not 
possess a 2-subst itutent and, therefore, cannot utilize this 
procedure unless additional steps to introduce a functional group 
that is both directing and disposable are incorporated into tho 
synthesis. These added steps would lowor tho overall efficiency 
of tho synthesis. 



It is alao woll known in tho art that "con«jidorablo 
amounts of the undosirod a-nuclcosidcs arc always formed during 
tho synthesis of 2 ' -dooxyribosidos" f Chom . Be? . 114:1234, 1244 
(1981)). Furthermore, this roferenco teaches that tho use of 
simple Fricdol -Crafts catalysts like SnCl 4 in nucleoside 
syntheses produces undosirablo emulsions upon tho workup of the 
reaction mixture, goncrates complox mixturos of tho o and fl- 
isomers, and leads to stable o-complcxos botween tho SnCl* and 
the more basic silyatcd hcterocycles such as silyated cytouino. 
Those complexes lead to longor reaction times, lower yields, and 
production of tho undesired unnatural N-3-nuclcosides. Thus, tho 
prior art teaches tho use of trixnothysilyl triflato or 
trimothylsilyl pcrchlorato as a catalyst during tho coupling of 
pyrimidino bases with a carbohydrate ring to achievo high yields 
of tho biologically active A- isomers. Howovor, the use of those 
catalysts to synthesize BCH-189 or BCH-189 analogs does not 
produce tho fl-isoraor preferentially; these reactions result in 
approximately a 50:50 ratio of tho isomers. 

Thus, there exists a need for an efficient synthetic 
route to UCU-189 and its analogs. Thoro also exists a need for a 
steroosolcctivc synthetic route to the biologically activo isomer 
of those compounds, fi-BCH-189 and related ft- ana logs. 
Furthermore, there exists a ncod for a stereoselective synthetic 
route to onant iomcr ically-cnrichcd fl-BCH-189 because tho other 
onantiomcr is inactive and, thcrofore, represents a 30* impurity. 



SUMMARY OF THE IMVEMTTQfl 



Tho present invention relates to the discovory of a 
surprisingly efficient synthetic route to BCH-189 and various 
analogs of BCH-189 from inexpensive precursors with tno option of 
introducing functionality as needed. This synthetic route allows 
tho stcroosolectivo preparation of the biologically active isomer 
of these compounds, fl-BCH-189 and related compounds. 
Furthermore, tho steochemistry at tho nucleoside 4' position can 
bo controlled to produce enantiomorically-enrichcd fl-BCH-189 and 
its analogs. 



Tho term "BCH-189 analogs* 1 is meant to refer to 
nucleosides that are formed from pyrimidine bases substituted at 
tho 5 position that are coupled to substituted 1, 3-oxathiolaneo. 

Tho method of the preccnt invention includes ozonizing 
an allyl ether or ester having the formula CH 2 -CH-CH ? -OR, in 
which R iu a protecting group, such as an alxyl, silyl, or acyl 
group, to form a glycoaldohyde having the formula 0HC~CH 2 -OR; 
adding thioglycolic acid to tho glycoaldohyde to form a lactone 
of tho formula 2-<R-oxy) -mothyl-5-oxo-l, 3-oxathiolano; converting 
the lactone to its corresponding carboxylato at the 5 position of 
the oxathiolunc ring; coupling tho acetate with a silyated 
pyrimidino base in the presonco of SnCl 4 to form the fl-iaomor of 
a 5 , -(R-oxy)-2',3 , -didooxy-3'-thia- nucleoside analog; and 
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roplacing tho R protecting group with a hydrogen to form BCH-189 
or an analog of BCH-189. 

The invontion can be used to produce BCH-189 or BCH-189 
analogs that are onantiomerically-enriched at the 4' position by 
selecting an appropriate R protecting group to allow 
stereoselective selection by an enzyme. For instance, the R 
protecting group can be chosen such that tho substituent at tho 2 
position of the oxathiolane lactone is butyryloxy to permit 
stereoselective enzymatic hydrolysis by pig livor ostorase. Tho 
rosulting optically active hydrolyzed lactono can thon bo 
converted to its corresponding diacotate and coupled with a 
silyated pyrimidine base as above. 

Accordingly, one of tho objectives of this invention is 
to provide an efficient method for preparing the fl-isomer of BCH- 
189 and analogs of BCH-189 in high yields. Furthermore it is an 
objective of this invention to provido a synthetic method to 
produce only one optical isomer, rathor than a racomic mixture, 
of BCH-189 and analogs of BCH-189. A furthor objoct of this 
invention ia to provide a synthotic route to produce B-BCH-189 
that ia onantiomerically-enriched. 

Additionally, an objectivo of this invention is to 
provido intermediates from which BCH-189 or BCH-189 analogs can 
be synthesized of the formula 2- (R-oxymethyl) -5-acyloxy-l, 3- 
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oxathiolane, wherein R is a protecting group, such as alkyl, 
silyl, or acyl, and a method of preparing these compounds. 
Furthermore, it is an object of this invention to provido 
enantioraorically-enriched 2-acetoxymothyl-5-acotoxy-l, 3- 
oxathiolano and 2-butoxymothyl-5-oxo-l , 3-oxathiolano and methods 
of preparing these compounds, 

Anothor objective of this invention is to provido 
intermediates from which BCH-189 or BCH-189 analogs can be 
synthesized of the formula: 



wherein R is a protecting group, such as alkyl, silyl, or acyl, 
and V can bo hydrogen, methyl, halo, alkyl, alkonyl, alkynyl, 
hydroxalkyl, carboxalkyl, thioalkyl, seJenoalkyl, phenyl, 
cycloalkyl, cycloalkenyl , thioaryl, and selonoaryl, and methods 



Furthermore, this invention provides intermediates from 
which BCH-189 or BCH-189 analogs can be synthosized of the 




of preparing these coumpounds. 



formula: 



O 
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whorcin R is a protecting group, such as alkyl, silyl, or acyl, 
and Y can bo hydrogen, methyl, halo, alkyl, alkenyl, alkynyl, 
hydroxalkyl, carboxalkyl, thioalkyl, selenoalkyl, phonyl, 
cycloalkyl, cycloalkonyl , thioaryl, and solenoaryl, and methods 
of proparing these coumpounds. 

BRIEF DESCRIPTION OT THE rifltlMq 

Figure 1 illustrates one embodiment of a synthesis of 
BCH-189 and BCH-189 analogs according to tho present invention; 

Figure 2 illustrates one embodiment of the synthosis of 
BCH-180 according to tho present invention; 

Figure 3 illustrates one embodiment of tho synthosio of 
5-racthylcytidino and thymidine derivatives of BCH-189 according 
to tho prosont invontion; and 



Figure 4 illustrates ono ombodimont of the synthesis of 
enantiomorically-enrichod BCH-189 according to tho prosont 
invention* 



DETAILED DESCRIPTION OT THE IMVBMy jflfl 



BCH-189 is a compound of the formula: 

NH 2 




The process of the present invention for preparing BCH- 
189 and BCH-189 analogs is sot forth in Fig. 1. An allyl ether 
or ostor l is ozonized to givo an aldehyde 2, which reacts with 
thioglycolic acid to givo a lactone J. The lactone J is treated 
with a reducing agent, followed by a carboxyiic anhydrido, to 
produco the carboxylato £. This carboxylato is coupled with a 
silyatod pyrimidino base in tho presenco of a Lewis acid that can 
catalyze storoospocif ic coupling, such as SnCl 4 , to yield tho 0- 
isomor of the substituted nucleoside £ in essontially a 100:0 
ratio of fl:a isomers. The substituted nucleoside 5 is 
deprotcctod to produco BCH-189 or BCH-189 analog £. 

This procoduro can be tailorod to produco BCH-189 or 
BCH-189 analogs that are enantiomorically-enriched at tho 4' 
position by selecting an appropriato R protecting group to allow 
stereoselective onzymatic hydrolysis of 2 by an enzyme such as 
pig livor estorase, porcine pancreatic lipase, or subtilisin or 
othor onzymos that hydrolyzo 2 in a stcrootsoloctivo fashion. The 
resulting optically activo 2 can bo convortod to 
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cnantiomcrically-enriched carboxylate £ and coupled with a 
silyatod pyriroidine baso as above to produce enantiomerically- 
onrichod BCH-189 or BCH-180 analogs. 

The protecting group R in 1 can be selected to provide 
protection for tho corresponding alcohol until the final stop in 
the synthesis is carried out (deprotection of 5 to form £) . 
Additionally, tho protecting group can bo selected, if desired, 
to provide an additional recognition sito for an enzyme to bo 
used later in an onantio-selcctivo hydrolysis reaction. Any 
group that functions in this manner may bo usod. For instance, 
alkyl, silyl, and acyl protecting groups or groups that possoss 
substantially tho same properties as those groups can be used. 

An alkyl protecting group, as usod heroin, moans 
triphenylmethyl or an alkyl group that possesses substantially 
tho same protecting properties as triphenylmethyl. A silyl 
protecting group, as used horein, moans a trialkylsilyl group 
having tho formula: 

I-SI-R2 

wherein R w R 2 , and R 3 may be lowor-alkyi , e.g., mothyl, ethyl, 
butyl, and alkyl possessing 5 carbon atoms or less; or phenyl, 
Furthormcro, R, may be identical to R*; R,, n 2t and R 5 may all be 
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identical. Examples of silyl protecting groups include, but a 
not limited to, trinethylsilyl and t-butyldiphenylsilyl . 

An acyl group, as used heroin to describe an acyl 
protecting group (as in 1) or to describe a carboxylato (as in 
i) , is a group having the formula: 




whoroin R • is a lower alkyl, e.g., methyl, ethyl, butyl, and 
alkyl possessing 5 carbon atoms or less; substituted lower alkyl 
whorcin tho alkyl boars one, two, or more simple substituonts, 
including, but not limitod to, amino, carboxyl, hydroxy, phenyl, 
lowcr-alkoxy, o.g., methoxy and ethoxy; phenyl; substituted 
phenyl whoroin the phenyl boars one, two, or more simple 
substituonts, including, but not limitod to, lower alkyl, halo, 
e.g., chloro and bromo, sulfate, sulfonyloxy, carboxyl, carbo- 
lowor-alkoxy, e.g., carbomothoxy and carbothoxy, amino, mono- and 
di- lower alkylamino, e.g., mothylamino, amido, hydroxy, lowor 
alkoxy, o.g., methoxy and ethoxy, lowor-alkanoyloxy , e.g., 
acetoxy. 
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A silyatod pyrimidino base, as used herein, means a 
compound having the formula: 

X 

zdV 

wherein X is either a trialkylsilyloxy or a trialkylsilylamino 
group, z is a trialkylsilyl group, and V is further described 
below. A trialkylsilyl group, as used herein, means a group 
having the formula: 

|-fi-R 2 
R » 

whoroin R,, R 2 , and R, may bo lowor-alkyl, e.g., methyl, ethyl, 
butyl, and alkyl possessing 5 carbon atoms or less, or phenyl. 
Furthermore, R, may bo identical to R,; R„ r 2 , an d R, may all be 
identical. Examples of trialkylsilyl groups include, but are not 
limited to, trimothylsilyl and t-butyldiphonylsilyl . 

Tho silyatod pyrimidino baoo may bo substituted with 
various V substltuonts, including, but not limited to, hydrogen, 
methyl, halo, alkyl, alkonyl, alicynyi, hydroxyalkyl, 
carboxyalkyl, thloalkyl, selenoalkyl, phenyl, cycloalkyl, 
cycloalkonyl, thioaryl, and •olenoaryl, at position 3 of the 
oilyated pyrimidino baao (Y substituont in Fig. 1) to. modify the 
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properties, such as transport properties or the rate of 
metabolism, of the BCH-189 analog. 

Illustrative examples of the synthesis of BCH-189 or 
BCH-189 analogs according to the present invention are given in 
Figs. 2, 3, and 4 and the following descriptions. 

Figure 2 shows the synthesis of DCH-189 starting with 
•llyl -icohol 2. A NaH oil suspension (4.3 g, eol, W0 mmol, was 
washed with THF twice (100 ml * 2 , and tho re8ultln9 ^ 
suspended in THF (300 ml,. The suspension was cooled to o-c 
sllyl alcohol 2 («. 8 Bl , 100 mol) „„ addad dpopwlM< Md ^ 
mixture was stirred for 30 minute, .t O'C. t-Butyl-diphenylsilyi 
chloride ( 25 .8 ml. 100.8 mmol) was added dropwise at 0«C and the 
reaction mixture was stirred for 1 hour at O'C. The solution was 
quenched with water (loo ml,, and extracted with diethyl ether 
(200 ml x 2,. The combined extract, were washed with water, 
dried over Mg S o 4 , filtered, concentrated, and the residue 
distilled under vacuum (90-100'C at 0.5-0.6 mm Hg, to give a 
colorleos liquid fl (28 g., 94 mmol, 94%). (<h NMR; 7.70-7.33 
(10H, m, aromatic-H,; 5.93 (1H. », „,, , s>37 (lH , dt# H|J ^ 
and 14.4 Hz; 5.07 (1H, dt, H,, J-L4 .„ d 8 . 7 „ z . 4 . 21 (2H> B# 
H,J; 1.07 (9H, s, t-Bu, , 



The silyl ally! other fl (15.3 g, 32.3 mmol) was 
dissolved in CH,C1, (400 ml,, and ozonixed at -78 -C. Vpon 
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completion of ozonolysis, DMS (15 ml, 204 mmol, 3.9 oq) was added 
at -78 *C and tho mixture was warmed to room temperature and 
stirred ovornight. Tho solution was washed with water (100 ml x 
2), dried over MgS0 4# filtered, concentrated, and distillod under 
vacuum (100-110*C at 0.5-0.6 mm Hg) to give a colorless liquid 2 
(15.0 g, 50.3 mmol, 961). ('h NMR: 9.74 (1H, s, H-CO) ; 7.70-7.35 
(10H, m, aromatic-H); 4.21 (2H, s, -CH,) ; 1.22 (9H, s, t-Bu)) 

Silayted glycoaldohydo 2 (15.0 g, 50.3 msol) was 
dissolved in toluene (200 ml) and thioglycolic acid (3.50 ml, 
50.3 mmol) was addod all at once. Tho solution was refluxed for 
2 hours while the resulting wator was removed with a Dean-Stark 
trap. The solution was cooled to room temperature and washed 
with saturatod NdHCOj solution and tho aqueous washings wore 
extracted with diothyl other (200 ml x 2). The combined extracts 
wore washed with wator (100 ml x 2), dried over NgS0 4 , filtered, 
and concentrated to give a colorless oil ifl (16.5 g, 44.3 mmol, 
88%), which gradually solidified undor vacuum. Rocrystallization 
from hoxano afforded a white solid Ifl (15.8 g, 84%). ('h NMR: 
7.72-7.38 (10H, m, aroraatic-H) ; 5.53 (lh\ t, H,) J-2.7 Hz; 3.93 
(1H, dd, -CH a O) J-9.3 Hz; 3.81 <1H, d, 1HJ J-13.8 Hz; 3.79 (1H, 
dd, -CH 2 0); 3.58 (1H, d, 1HJ ; 1.02 (9H, s f t-Bu) ) 

2-(t-Butyl-diphenylsilyloxy) -methyl-5-oxo-l,2* 
oxathlolano lfl (5.0 g, 13.42 mmol) was dissolved in toluene (150 
ml) and the solution was coolod to -78'C. Dibal-H solution (14 



-18- 



ml, 1.0 M in hcxanos, 14 mmol) was added dropwiso, while the 
inside temperature was kept below -70 *C all the time. After the 
completion of the addition, the mixture was stirred for 30 
minutes at -78'C. Acetic anhydride (5 ml, 53 mmol) was added and 
the mixture was warmed to room temperature and stirred overnight. 
Water (5 ml) was added to the mixture and the resulting mixture 
was stirred for 1 hour at room temperature. The mixturo was 
diluted with diethyl ether (300 ml), MgSO* (40 g) was added, and 
the mixture was stirred vigorously for 1 hour at room 
temperature. The mixturo was filtered, concentrated, and the 
residue flash chromatographod with 20% EtOAc in hoxanos to give a 
colorless liquid XI (3.60 g, a. 64 mmol, 64%), which was a 6:1 
mixture of anomero. ('h NMR of the major isomer: 7.70-7.35 (ioH, 
m, aromatic-H); 6.63 (1H, d, H 5 ) J«4.4 Hz; 5.47 (1H, t, H 2 ) ; 
4.20-3.60 <2H, m, -CH 2 0) ; 3.27 (1H, dd, 1H 4 ) J-4.4 and 11.4 Hz; 
3.00 (111, d, 1HJ J-11.4 Hz; 2.02 (3H, s, CH 3 C0) ; 1.05 (OH, a, t- 
bu) ; 'h NMH of the minor isomer: 7.70-7.35 (10H, a, aromatic-H) ; 
0.5b (111, d, H>) J-3.9 Hz; 5.4b (1H, t, H z ) ; 4.20-3.60 (2H, m, 
-CH : 0); 3.25 (HI, dd, 1HJ J-3.0 and 11.4 Hz; 3.U (1H, d, 1HJ 
J-11.4 Hz; 2.04 (3H, s, CHjCO) ; 1.04 (OH, 3, t-Bu)) 

2- (t-Dutyl-diphonylsi lyloxy) -mothyl-5-acotoxy-l , 3- 
oxathiolanc U (0.2U g, 0.67 mmol) was dissolved in 1,2- 
dichiorocthanc (20 ml), and silylatod cytosine 12 (0.20 g, 0.78 
mmol) w.iu added at once at room temperature. The mixture vas 
stirred tor 10 minutes and to it was added SnCl, solution (0.00 
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■1. 1.0 M solution in CH,C1,, 0.80 mmol, dropwiso at room 
temperature. Additional cytosino 12 (0 .l 0 g, 0.39 mmol, and 
snci. solution (O.eo ml, wore added in a same manner 1 hour 
later. After completion of the reaction in 2 hours, the solution 
was concentrated, and the residue was triturated with 
triethylamine (2 ml, and subjected to flash chromatography (first 
with neat EtCAc and then 20% othanol in EtOAc) to give a tan 
-lid u (100* . configuration) (0. 25 g. 0 . 5 < Baol . m , ( ,„ 
NM R «o„ SO -d*,: ,. 75 (1 „, d , Hft) Jm7t9 Hz; ?>65 _ 7 ^ (ioh> n 
aromatic-H,; 7.2! and 7 . 14 {2H , ^ . ^ ^ ^ ^ 

(».. d, H l); 5 . 25 (1 „, t# Hi>); 3m97 (ih ^ _ cH;0j ^ 
and U.X Hz; 3.87 ,1„, dd . _ CHj0J , ^ ^ ^ ^ ^ ^ 

U.7 Hz; 3.03 (ih, dd. l Ht ., J- ?; 0 . 97 (9 „, B> t . BuJ) 

Silyether 12 (0.23 g, 0.49 mmol, was dissolved in THF 
(30 ml,. and t0 it wa3 addcd n— Bu 4 MF solution (0.50 ml 1 0 M 
solution in THF, o. 50 mmol, dropwise at room temperature. Tho 
mature w, 0 stirred for l hour and concentrated under vacuum. 
The residue was taken up with othanol/triothylamine (2 ml/i n i, 
and subjected to flash chromatography (first with EtOAc, then 20* 
othanol in EtOAc, to afford a white solid U in 100* anomeric 
purity (OCH-189; o.H g. 0.-8 mmol, 93*,, which was further 
recry 3 talli 2C d from ethanol/CHClj/Hexanes mixture. ('« NMR 
(0M C 0-d 6 ,: 7.91 (1„. d, H 6 , J-7.6 „ 2 ; 7 . 76 and 7 . 45 ^ ^ _ 
0.19 (1 „, t , „ v) ; S.80 (IH, d, H S , J-7.6 llz; 5 . 34 m 
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broad, -OH), 5.17 (1H. t. H 2<) ; 3.74 (2H, », -CH,0) ; 3 .« 2 (1 H . dd. 
1H 4 .) J-5.6 and 11.5 Hz; 3.09 (1H, dd, 1H*.) J-4.5 and 11.5 Hz) 

BCH-189 and its analogs can also be synthesized by 
coupling a silylatod uracil derivative with H- Silylated uracil 
dorivativo is (l.so g, 7.02 mmol) was coupled with 11 (l.7 2 g, 
4.13 mmol) in 1,2-dichloroothane (50 ml) in the presence of snCl, 
(5.0 ml) as described above in the tho preparation of tho 
cytcsino derivative JQ. The reaction was complete after 5 hours. 
Flash chromatography, first with 404 EtOAc in hoxano and then 
EtOAc, afforded a white foam lfi (l.so g. 3.43 maol, 83%). ( ' H 
NMR: 9.39 (in, broad, -NH) 7.90 (1H, d, H.) J-7.9 Hz; 7.75-7.35 
(1011. m, aromatic-H) ; 6.33 (1H, dd, H,.) ; 5.51 (1H, d, H,) J-7.9 
Hz; 5.23 (1H, t, H,.); 4.11 (1H, dd, -CH,0) J-3.2 and 11.7 Hz; 
3.93 (1H, dd, -CH 2 0); 3.48 (1H, dd, 1H*.) J-5.4 and 12.2 Hz; 3.13 
(XII. dd, 1H 4 .) J-3.2 and 12.2 Hz) 



Tho uracil dorivativo lfi can be convortod to tho 
cytosine dorivativo 11. The uracil derivative lfi (0.20 g, 0.43 
mmol) was dissolved in a mixture of pyridino/dichloroothano 
(2 ml/10 ml), and tho solution cooled to O'C. Triflic anhydride 
(72 ul. 0.43 mmol) was added dropwiso at 0*C and the mixture was 
warmed to room tcmpcraturo and stirred for 1 hour. Additional 
triflic anhydride (0.50 M i. 0.30 mmol) was added and tho mixture 
stirred for 1 hour. TLC showed no mobility with EtOAc. The 
roaction mixture wao thon docannulated into a NH,-saturatod 
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methanol solution (30 ml) and the mixture was stirred for 12 
hours at room temperature. The solution was concentrated, and 
the residue subjected to flash chromatography to give a tanned 
foam 12 (0.18 g, 0.39 mmol, 91*) , which was identical with the 
compound obtained from tho cytosino coupling reaction. 

Fig. 3 illustrates the synthesis of 5-mothylcytidino 
and thymidine derivatives of BCH-189. Tho acetate H (0.93 g, 
2.23 mmol) in 1 , 2-dichloroothane (50 ml), was reactod with the 
oilylatod thymine derivative 12 (1.0 g, 3.70 mmol), and SnCl 4 
solution (4.0 ml) in a mannor similar to that doscribod for the 
preparation of cytosino derivative U. ( ] H NMR: 8.10 (1H, broad, 
NH) ; 7.75-7.30 (11H, ra, 10 Aromatic H's and 1H 6 ) ; 6.32 (1H, t, 
Hi.) J-5.4 Hz; 5.25 (1H, t, H 4 .) J-4.2 Hz; 4.01 (1H, dd, 1H V ) 
J-3.9 and 11.4 Hz; 3.93 (1H, dd, 1H 5 .) J-4.5 and 11.4 Hz; 3.41 
(1H, dd, 1H 2 .) J-5.4 and 11.". Hz; 3.04 (1H, dd, lh>) J-5.7 and 
11.7 Hz; 1.75 (3H, S, CHj) ; 1.07 (9H, s, t-Bu) ) 

The thymine derivative 1£ (0.20 g, 0.42 mmol) was 
diauolvcd in a mixture of pyridino/dichloroethano (2 ml/10 ml), 
and tho solution cooled to 0*C To it was added triflic 
anhydride (100 $ii , 0.60 mmol) dropwiso at 0*C, and tho mixture 
was allowed, with continuoua stirring, to warm to room 
temperature. After roaching room toroporaturo, it was stirred for 
1 hour. TLC showed no mobility with EtOAc . Tho roaction mixture 
was then docannulatod into tho NHj-saturatod mothanol solution 



-22 



(20 ml), and tho mixture stirred for 12 hours at room 
tomperature. The solution was concentrated, and the residuo was 
rejected to flash chromatograhy to give a tanned foam 12 (0.18 
g, 0.38 mmol, 90%). ('h NMR: 7.70-7.30 (12H, m, 10 Aromatic 
H's, 1NH and H*) ; 6.60 (1H, broad, 1NH) ; 6.34 (1H, t, H v ) J-4.5 
Hz; 5.25 (1H, t, H 4 .) J-3.6 Hz; 4.08 (1H, dd, 1H 5 .) J-3.6 and 11.4 
Hz; 3.06 (1H, dd, 1H V ) J-3.6 and 11.4 Hz; 3.52 (1H, dd, 1H 2 .) 
J-5.4 and 12.3 Hz; 3.09 (1H, dd, lh>) J-3.9 and 12.3 Hz; 1.72 
(3H, s, CH 3 ); 1.07 (9H, s, t-Bu) ) 

Silylothor 12 (0.18 g, 0.38 mmol) was dissolvod in THF 
(20 ml), and an n-Bu 4 NF solution (0.50 ml, 1.0 M solution in THF, 
0.50 mmol) was addod, dropwiso, at room tomporature. The mixturo 
was stirred for 1 hour and concentrated undor vacuum. Tho 
residue was taken up with othanol/triothylaraine (2 ml/l ml), and 
subjected to flash chromatography (first witn EtOAc, then 20* 
cthanol in EtOAc) to afford a white solid 2fl (0.09 g, 0.37 mmol, 
97t), which was futhor rocrystallized from cthanol /CHClj/Hoxanoo 
mixturo to afford 82 mg of puro compound (891). ('h NMR: (in d 6 - 
DMSO): 7.70 (1H, a, H 6 ) ; 7.48 and 7.10 (2H, broad, NH ; ) ; 6.19 
(1H, t, Hi*) J-6.5 Hz; 5.31 (1H, t, OH); 5.16 (1H, t, 1H 4 .) J-5.4 
Hz; 3.72 (2H, ra, 2H 5 .) 3.36 (1H, dd, IhV) J-6.5 and 14.0 Hz; 3.05 
(1H, dd, 1H 2 .) J-6.5 and 14.0 Hz; 1.85 (3H, c, CHj) ) 

Silylcthor 1& (0.70 g, 1.46 mmol) was dissolvod in THF 
(50 ml), and an n-Bu 4 NF solution (2 ml, 1.0 N solution in THF, 2 
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mmol) was added, dropvise, at room temperature. The mixture was 
stirred for l hour and concentrated under vacuum. The residue 
was taken up with othanol/triethylamine (2 ml/1 ml), and 
subjoctod to flash chromatography to afford a whito solid 21 
(0.33 g, 1.35 mmol , 92%). (>H NMR: (in d*-Acetone) : 9.98 (1H, 
broad, NH); 7.76 (1H, d, H 6 ) J-1.2 Hz; 6.25 (1H, t, H,.) J-5.7 Hz; 
5.24 (1H. t, H,.) J-4.2 Hz; 4.39 (1H, t, OH) J-5.7 Hz; 3.85 (1H, 
dd, 2H,.) J-4.2 and 5.7 Hz; 3.41 (1H, dd, 1H,.) J-5.7 and 12.0 Hz; 
3.19 (1H, dd, lHj.) J-5.4 and 12.0 Hz; 1.80 (3H, s, CHj) ) 

Fig. 4 illustrates tho synthesis of enantiomerically- 
onriched BCH-189 and its analogs. Allyl butyrato 21 (19.0 g, 148 
mmol) was dissolved in CH 2 Clj (400 ml), and ozonized at -78"C. 
Upon completion of ozonolysia, dimothyl sulfide (20 ml, 270 mmol, 
1.8 cq) was added at -78 «C and the mixture was warmed to room 
tomporaturo and otirrod overnight. The solution was washod with 
water (100 ml x 2). dried over MgS0», filtorod, concentrated, and 
distilled under vacuum (70-80'C at 0.5-0.6 mm Hg) to give a 
colorloos liquid 21 (17.0 g, 131 mmol, 88«) . ('h NMR: 9.59 (1H, 
s, H-CO); 4.60 (211, o, -CHjO); 2.42 (2H, t, CH,C0) J-7.2 Hz; 1.71 
(2H, sex, -CHj}; 0.97 (311, t, CHj) J-7.2 Hz) (IR (noat) : 2990, 
2960, 2900, 1750, 1740, 1460, 1420, 1390, 1280, 1190, 1110, 1060, 
1020, 990, 880, 800, 760) 

Butyryloxyacetaldohydo 21 (15.0 g, 115 mmol) was 
dissolvod in tolucno (200 ml) and mixed with thioglycolic acid 
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(8.0 ml, 115 mmol). Tho solution was rofluxod for 5 hours while 
tho resulting wator was removod with a Dean-Stark trap. The 
solution was cooled to room temperature and was transferred to a 
500 ml separatory funnel. The solution was thon washed with 
saturated NaHCO, solution. These aqueous washing were extracted 
with diethyl ether (200 nl x 2) to recuperate any crude product 
from the aqueous layer. Tho ether extracts wore added to the 
toluono layer and tho resulting mixture was washed with water 
(100 ml x 2), dried over MgS0 4 , filtered, concentrated, and 
distilled undor vacuum <70-80*C at 0.5-0.6 mm Hg) to give a 
colorlocs oil 21 (19 g, 93 mmol, 81%). ('h NMR: 5.65 (1H, dd, 
H 5 ) J-5.0 and 1.4 Hz; 4.35 (1H, dd, -CH 2 0) J-3.2 and 12.2 Hz; 
4.29 (1H, dd, -CII^O) J-5.7 and 12.2 Hz; 3.72 (1H, d, -CH 2 S) 
J-16.2 Hz; 3.64 (1H, d, -CH 2 S; 2.34 (2H # t, -CH 2 C0) J-7.2 Hz ; 
1.66 (2H, sex, -CH;); 0.95 (3H, t, CH 3 ) J-7.2 Hz) (1R (noat) : 
2900, 2960, 2900, 1780, 1740, 1460, 1410, 1390, 1350, 1300, 1290, 
12G0, 1220, 1170, 1110, 1080, 1070, 1000, 950, 910, 830, 820, 
COO, 760). 



Pig liver estoraso solution (90 jU) was addod to a 
buffer solution (pH 7, 100 ml) at room temporaturo, and tho 
mixture stirred vigorously for 5 minutes. Tho butyrate 21 (2.8 
g, 13.7 mmol) was addod, all at onco, to tho osteraso/buf for 
solution and tho mixture was stirred vigorously at roo*a 
temperature for 2 hours. Tho reaction mixture was poured into a 
separatory funnel. Tho roaction flask was washed with ether (10 
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■II -nd tho washing was combined with the reaction mixture in the 
funnel. The combined mixture was extracted with hoxanos three 
times (100 .1,3,. The three hexano extracts wore combined and 
dried over MgS04, filtered, and concentrated to give the 
optically active butyrato 21 (i. 12 g , 5 . 48 ^ 4<M) 
Enantiomeric excess was determined by an NMR experiment using a 
Tri a t3.heptafluoropro Py i-hydroxymeth y iene,-( + ,. campnorato1 
europium (Hi, derivative as a chemical shift reagent, this 
procedure showed approximately 40* enrichment for one enantiomor. 
The remaining aqueous layer from the reaction was subjected to a 
continuous extraction with CH,C1, for 20 hours. The organic 
layer was removed from the extraction apparatus, dried over 
MgSO t , filtered, and concentrated to give an oil (i. 24 g) , wnlcn 
was shown by NMR analysis to consist of predominately tho 2- 
hydroxymothvl-5-oxo-l,3-oxathiolano & with 0BaU aBOUnta of 
butyric acid and tho butyrato 21. 

Tho lactone 25 (0.85 g, 4.16 mmol, was dissolved in 
toluono (30 ml,, and tho solution cooled to -7B'C. Dibal-H 
solution (9 ml, i.o N in hoxanes. 9 mmol, was added dropwiso. 
while tho inside temperature was kept below -70«c throughout the 
addition. After the addition was completed, tho mixture was 
otirrod for 0.5 hours at -78-0. Acetic anhydride (5 „i, „ mel) 
was added and tho mixture, with continuous stirring, was allowed 
to roach room temperature overnight. Water (5 ml, was added to 
the reaction mixture and the resultant mixture was stirred for 1 
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hour. Mgso 4 (40 g) was then added and the mixture was stirred 
vigorously for 1 hour at room temperature. The mixture was 
filtered, concentrated, and the residue flash chromatographed 
with 20% EtOAc in hexanes to give a colorless liquid 24 (0.41 g, 
1.86 mmol, 4 5%) which was a mixture of anomcrs at tho C-4 
position. 



Tho 2-Acetoxymethyl-5-acotoxy-l,3-oxathiolane 24 (0.40 
g, 1.82 mmol) was dissolvod in 1.2-dichloroethar.- (40 ml), and te 
it tho silylatod cytooino 12 (0.70 g, 2.74 mmol) was added, all 
at onco, at room tenporaturo. Tho mixturo was stirrod for 10 
minutes, and to it a SnCl 4 solution (3.0 ml, l.o M solution in 
CH,C1 2 , 3.0 mmol) was addod, dropwiso, at room temperature 
Additional SnCl 4 solution (1.0 ml) was added aftor 1 hour. Tho 
reaction was followed by TLC. Upon completion of the coupling, 
the solution was concentrated, tho residue was triturated with 
tricthylamino (2 ml) and oubjectod to flash chromatography (first 
with noat EtOAc then 20% othanol in EtOAc) to givo a tan solid 2Z 
(0.42 g, 1.55 mmol, 86%). ('h NMR: 7.73 (1H, d, H t ) J-7.5 Hz; 
6.33 (1H, t, H 4 .) J-4.8 Hz; 5.80 (1H, d, Hj) J-7.5 Hz; 4.52 (1H, 
dd, 1H,.) J-5.7 and 12.3 Hz; 4.37 (1H, dd, 1H S .) J-3.3 and 12.3 
Hz; 3.54 (1H, dd, H,.) J-5.4 and 12.0 Hz; 3.10 (1H, dd, lHj) t 2.11 
(3H, a, CH,)) 

Tho 5'-Acotato of BCH-189 22 (140 mg. 0.52 mmol) was 
dissolved in anhydrous methanol (10 ml), and to it was added 
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sodium mothoxido (110 mg, 2.0 mmol) in one portion. The mixture 
wao stirred at room temperature until the hydrolysis was 
compute. The hydrolysis took about 1 hour, and the reaction wai 
followod by TLC. Upon completion, the mixture was then 
concentrated, and the residue taken up with ethanol (2 ml). Tho 
othanol solution was subjectod to column chromatography uuing 
ethyl acotate first, then 20% ethanol in EtOAc to afford a white 
foam (110 mg, 02%), which exhibited an NMR spectrum identical to 
that of authentic BCH-189, i±. 



-28- 



WHAT TS TTATMPn 

1. A method of preparing the 6-isomer of an antiviral 

nucleoside analog comprising the steps of: 

(a) reducing a lactone having tho formula: 



R0 H « 



wherein R is a protecting group, to form a carboxylate. 
said carboxylato having tho formula: 

R-O-i „ 




S« 

whoroin R» is an acyl group; 

(b) coupling said carboxylato with a silyated 
pyrimidino baso in tho presence of an effective amount of SnCl 4 
to form the 8-isomor of a 5' substituted 2«,3'-didooxy-3'-thia- 
nucleosido; and 

(c) roplacing said protecting group from the 5' 
position of said nucloosido with a hydrogen to form said 
antiviral nucleoside analog. 



2. Tho method of claim l, wherein said protoeting group i. 

selected from tho group consisting essentially of alkyl, silyl, 
and acyl. 
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3. The method of ei.1. 1, vh.r.in 8aid ullymtmi pyrinldif 

ba.o has the formula: 

X 

wherein X 1. .elected from the group con.i.ting 
os.ontially of trialky.ilyloxy ar.- trlalkyl.ilyiamlno, 

wherein Y i. .elected from the group con.i.ting 
...ontially of hydrogen, methyl, halo, alkyl. alkonyl, alkynyl, 
hydroxyalkyl. c.rbo>cyalkyl, thioalkyl. .elenoalkyl, phenyl, 
cycloalkyl, cycloalkenyl, thioaryl. and .elenoaryl; and 
wherein Z is a trialkyl.ilyi group. 

4. The method of claim l, whorein .aid antiviral 
nucleo.ido analog ia BCH-189. 

5. The method of claim l, wheroin said antiviral 
nucloo.ido analog comprisos the formula: 

whoroin Y io solectod from th. group consisting 
•asontlally of halo, alkyl, alk.nyl. alkynyl, hydroxyalkyl. 
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carboxyalkyl, thioalkyl, solcnoalkyl, phenyl, cycloalkyl, 
cycloalkenyl, thioaryl, and sclenoaryl. 

6 - The method of Claim l, wherein said antiviral 

nucleoside analog comprises the formula: 




wherein Y is selected from tho group consisting 
cu-cntiully of hydrogen, halo, alkyl, alkonyl, alkynyl, 
hydroxyalkyl, carboxyalkyl, thioalkyl, solonoalkyl, phonyl, 
cycloalkyl, cycloalkenyl, thioaryl, and selcnoaryl. 

7 ' The method of Claim 1, wheroin said antiviral 

nucleoside analog comprises the formula: 




8* The method of Claim 1, wherein said antiviral 

nucleoside analog comprises the formula: 




°* The method of Claim 1, further comprising the steps 

nrior to (a) of: 

(1) ozonizing a compound having the formula CH^HCHjOR 
to form a glycoaldchydo having the formula OHCCH 2 OR, wherein R is 
selected from the group consisting essentially of alkyl, silyl, 
and acyl; and 

(2) adding an effective amount of thioglycolic acid to 
said glycoaldchydo to form said lactone. 

1°« The method of Claim 1 ( wherein said reduction of said 

lactone is accomplished by addition of a reducing agent followed 
by addition of an effective amount of a carboxylic anhydride. 

11. The method of Claim lu, wherein said reducing agent is 

selected from the group consisting essentially of DIBAL-H, RED- 
AL, and Nalill^. 
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12. The method of Claim 1, 

protecting group is accomplished 
amount of (n-C 4 H«, 4 NF. 



wherein said replacement of said 
by addition of an effective 



13. The method of Claim 1, 

protecting group is accomplished 
amount of sodium methoxido. 



wherein said replacement of said 
by addition of an effective 



14. A method of preparing an onantiomerically-onriched fl- ' 

isomer of an antiviral nucleoside analog comprising the steps of: 

(a) adding an effective amount of a stereoselective 
enzyme to a lactone having the formula: 




wherein R is an acyl protecting group, to form 
cnantioracrically-enrichcd 2-hydroxyracthyl-5-oxo-l, 3-oxathialane; 

(b) reducing said onantiomerically-onriched 2- 
hydroxyraethyl-5-oxo-l, 3-oxathiolano to form an enantiomcrically- 
enriched 2-acyloxymcthyl-5-acyloxy-l , 3-oxathiolano; 

(c) coupling said onantiomorical ly-enrichod 2- 
acyioxymcthyl-5-acyloxy-l, 3-oxathiolano with a oilyated 
pyrimidinc base in the presenco of an effective amount of SnCl 4 
to form the A-isomer of a 2 • , 3 • -didcoxy-5 • -acyloxymothyl-3 • -thia- 
nucleosidc; and 

(d) replacing the 5 •-acyloxymcthyl substituont of said 
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nucleoside with a hydroxymethyl substituont to form said 
antiviral nucleoside analog. 



15. The method of Claim 14 # wherein said silyatod 

pyrimidine base has the formula: 



wheroin X is selected from the group consisting 
essentially of trialkylsilyloxy and trialkylsilylamino; 



essentially of hydrogen, methyl, halo, alkyl, alkenyl, alkynyl, 
hydroxyalkyl, carboxyalkyl, thioalkyl, selenoalkyl, phenyl, 
cycloalkyl, cycloalkenyl , thioaryl, and solenoaryl; and 
wherein Z is a trialkylsilyl group. 

16. The method of Claim 14, wherein said antiviral 
nucleoside analog is BCH-189. 

17. The method of Claim 14, wheroin said antiviral 
nucleoside analog comprises tho formula: 

NH 2 



X 




wherein V is selected from tho group consisting 




whoroin Y is scloctod from the group consisting 
essentially of halo, alkyl, alkonyl, alkynyl, hydroxyalkyl , 
carboxyalkyl, thioalkyl, solenoalkyl, phenyl, cycloalkyl, 
cycloalkonyl, thioaryl, and solenoaryl. 

18. The method of Claim 14, wherein said antiviral 

nucleoside analog comprises the formula: 




wheroin Y is solccted from the group consisting 
essentially of hydrogon, halo, alkyl, alkonyl, alkynyl, 
hydroxyalkyl, carboxyalkyl , thioalkyl, solonoalkyl, phony 1, 
cyoloalkyl, cycloalkonyl, thioaryl, and oclcnoaryl. 

19. The method of Claim 14, whoroin said antiviral 

nucleoside analog comprises tho formula: 
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20. Tho method of Claim 14, wherein said antiviral 

nucloocide analog comprises the formula: 




21. Tho method of Claim 14, further comprising the steps 

prior to (a) of: 

(1) ozonizing a compound having the formula CH 2 CHCH 2 OR 
to form a glycoaldehydc having tho formula OHCCH^OR, wherein R is 
is an acyi group; and 

(2) adding an effective amount of thioglycolic acid to 
said glycoaldehydc to form said lactone. 

22. The method of Claim 14, wherein said roduction of said 
lactone is accomplished by addition of a reducing agent followed 
by addition ot an effective amount of a carboxylic anhydride. 

23. Tho method of Claim 22, wherein said roducing agent is 
selected from the group consisting cssontially of DIBAL-H, red- 
AL, and NaBH 4 . 
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24. Tho method of Claim 14, wherein said stereoselective 
onzymo is solcctcd from tho group consisting of pig liver 
ostcraso, porcine pancroatic lipase, and subtilisin, 

25. The method of Claim 14, wherein said replacement of 

said protecting group is accomplished by addition of an effective/^ 
amount of sodium mothoxide. 



A method of preparing a carboxylato having the formula; 




wherein R is a protecting group; and 

wherein R ■ is an acyl group, comprising the steps of: 

(a) ozonizing a compound having tho formula CH 2 CHCH 2 OR 
to form a glycoaldohydo having tho formula OHCCH 2 OR, whorein R is 
a protecting group; 

(b) adding an effoctivo amount of thioglycolic acid to 
said glycoaldohydo to form a lactone having tho formula: 




; and 

(c) reducing said lactone to form said carboxylate. 
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27. 



The method of Claim 26, wherein said reduction of said 



lactone is accomplished by a addition of a reducing agent 
followed by addition of an effoctivo amount of a carboxylic 
anhydride. 

28. The method of Claim 26, whorein said reducing agent is 

seloctod from the group consisting essontially of DIBAL-H, RED- 
AL, and NaBH 4 . 



wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl; and 
wherein R' is an acyl group. 



29. Tho method of Claim 26, whorein said protecting group 

is seloctod from tho group consisting essontially of alkyl, 
silyl, and acyl. 



30. 



A carboxylato having the formula: 




31. 



An acetate having tho formula: 
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wherein R is selected fro» the group consisting 
ossontially of alkyl, silyl, and acyl. 

32. A method of preparing enatiomerically-onrichcd 

2-acyloxymothyl-5-acyloxy-l,3-oxathiola„o comprising the stops / 
of: 

(a) ozonizing .compound having the formula CH,CHCH,OR 
to form a glycoaldohydo having the formula OHCCH,0 R . wherein R i 3 
a protecting group; 

(b) adding an effective amount of thloglycolic acid to 
said glycoaldehydo to form a lactone having the formula: 



R0 * ' .0^0 




; and 

(c) adding an effective amount of a storo-sel active 
onzymo to said lactone to form onantioaorically-onrichod 2- 
hydroxymcthyl-5-oxo-l, 3-oxathialano; and 

(d) reducing said onantiomorically-onrichod 2- 
hydroxymothyl. 5 -oxo-l,3-ox a thiol a ne to form onantiomorically- 
enrichod 2-acyioxymothyl-5-acyloxy-l.3-oxathiolano. 

33. The method of claim 32. wherein said reduction of said 

onantiomerically-onriched 2-butyryloxymothyl-s-oxo-l, 3- 
oxathiolano is accomplished by a addition of a reducing agent 
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followed by addition of an effective amount of a carboxylic 
anhydride. 



34. The method of Claim 32, wherein said reducing agont is 
selected from the group consisting essentially of DIBAL-H, RED- 
AL, and NaBH*. 

35. The method of Claim 32, whoroin said stereoselective 
onzyrac is selected from tho group consisting of pig livor 
ostoraao, porcine pancreatic lipaso, and subtilisin. 

36. The raothod of Claim 32, wherein said protecting group 
is ooloctod from tho group consisting osoontially of alkyl, 
silyl, and acyl. 

37. Enantiomorically-onrichcd 2-hydroxymethyl-5-oxo-l, 3- 
oxathiolano. 

38 . Enantiomorically-enrichod 2-acyloxymothyl-5-acyloxy- 
1, 3-oxathiolano. 

30. Enantiomorically-onrichcd 2-acotoxymothyl-5-acetoxy- ' 

1, 3-oxathiolano. 



-40- 



40. a method of preparing the fl-iaomer of a substituted 

nucleoside comprising the step coupling a carboxylate having the 

formula: 




s 



wherein R is a protecting group; and 

wherein R- is an acyl group, with a ailyatod pyrimidino 
base in the presence of an effective amount of SnCl 4 to fora the 
fl-isomer or a 3- substituted 2 • , 3 '-didooxy-3 '-thia- nucleoside. 

41. The method of claim 40, wherein said protecting group 

is selected from the group consisting essentially of alkyl, 
sllyl, and acyl. 



42. Tho method of Claim 40, wherein said silyatod 

pyrimidino base has tho formula: 

ZO*N* 



whoroin X is selected from the group consisting 
essentially of trialkyls* lyloxy and trialkylsilylamino; 

whoroin Y is selected from the group consisting 
essentially of hydrogen, methyl, halo, alkyl, alkenyl, alkynyl, 
hydroxyalkyl, carboxyalkyl. thioalkyl, solonoalkyl, phenyl, 
cycloalkyl, cycloalkenyl. thioaryl, and selonoaryl; and 
wherein Z is a trialkylsilyl group. 



43. A substituted nucleoside having the formula: 

whoroin R is seloctod from tho group consisting 
ossontially of alkyl, silyl, and acyl; and 

wherein Y is solectod from tho group consisting 
essentially of alkyl, alkenyl, alkynyl, hydroxyalkyl, 
carboxyalkyl, thioalkyl, solonoalkyl, phenyl, cycloalkyl, 
cycloalkenyl, thioaryl, and selonoaryl. 

44. a oubotitutod nucleoside having tho formula: 

O 



ho-i o%r 



/ 
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wherein K is selected fron the group consisting 
essentially of alkyl, silyl, and acyl; and 

wherein y is selected fron the group consisting 
essentially ot alkyl, alkenyl, alkynyl, hydroxyalky 1 , 
carboxyallcyl, thioalkyl. sclenoalkyl, phenyl, cycloalkyl. 
cycloalkcnyl, thioaryl, and sclcnoaryl. 

<•■>■ A substituted nucleoside having the formula: 

NH 2 

wherein R is selected tron the group consisting 
ssonti.illy ot .Ukyl, r.ilyl, and acyl; and 
wherein V is >i hydrogen. 

A substituted nucleoside having the torraula: 

O 



RO- 



whero.n H is selected iron tho group consisting 
icntUliy at .ilkyl, silyl, and .icyi; .,r.d 
wherein Y is .i hydrogen. 



47. A substituted nucleoside having the formula: 

2 

„Y 



RO~ 



wherein R is selected from the group consisting 
esscnti-illy of alkyl, oilyl, and acyl; and 

wherein Y is selected from the group consisting of 
ch loro, brono, fluoro, and iodo. 



48. A substituted nucleoside having the formula: 

O 

^Y 



Yr 



wherein K is selected from the group consisting 
essentially of alkyl, oilyl, and acyl; and 

wherein Y is selected from the group consisting of 
chloro, brono, fluoro, and iodo. 



40. A substituted nucleoside having the formula: 

Z 

✓Y 



no-i Q1 N 



wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl ; am 
wherein Y is a methyl group. 



A substituted nucleoside having the formula: 




wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl; and 
wherein Y is a methyl group. 



An cnantiomcrically-onrichjd substituted nucleoside 



wherein U is selected iron the group consisting 
o-sentially ot ilkyl, silyl, and acyl; and 

wherein Y is selected from the group consisting 
essentially of alkyl, alkenyi, alkynyl, hydroxyalkyl , 
cnrboxyalkyl, thioaikyi, sclonoalkyl, phenyl, cycloalkyl, 
cycioalkcny I , thioaryl, and sclcnoaryl. 



having the formula: 




NH 2 



52. An onantiomerically-enriched substituted nucleoside 

having the formula: 

O 



wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyi; and 

wherein Y is solected from the group consisting 
essentially of alkyl, alkonyl, alkynyl, hydroxyalkyl , 
carboxyalkyl, thioalkyl, sclcnoalkyl, phenyl, cycloalkyl, 
cycloalkcnyl, thioaryl, and sclcnoaryl. 



having the formula: 



RO — °^»' 



53. An enantioroerically-onriched subatituted nucloosiUo 

NH 2 

wherein R is selected from the group consisting 
essentially of alkyi, siiyl, ond acyl; and 
wherein Y is a hydrogen. 



An enantioncricully-cnriehed substituted nuc;cositie 
having the formula: K 2 y 



RO— O n' 



'S« 



wherein R is selected fron the group consisting 
essentially of alkyl, oilyl, and acyl ; and 
whorein Y is a hydrogen. 

35 * An cnantioracrically-cnrichcd substituted nucleoside 

having the formula: 



RO- 



wherein R is selected fron the group consisting 
essentially of alkyl, silyi, and acyl; and 

whorcin Y is solcctcd fron the group consisting 
essentially of chloro, brono, fluoro, and iodo. 

f^6. An cnantioraorical ly-cnrichod substituted nucleoside 

having the formula: 

O 

V 



whorcin R in selected fron the group consisting 
essentially ot alkyl, silyi, and acyl; and 

wherein Y is selected iron the group consisting 
essentially ol chloro, brono, lluoro, and iodo. 
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An enantiomerically-enrichcd substituted nucleoside 



having the formula: 



RO 




wherein R is selected from the group consisting 
essentially of alkyl, silyl, and acyl; and 
wherein Y is a methyl group. 

58 * An enantiomcrically-cnrichcd substituted nucleoside 

having the formula: 




O 



wherein K is selected from the group consisting 
essentially of ulkyi, silyl, and acyl; and 



wherein Y is a methyl group. 



A compound of the formula: 




NH 2 



A compound of the formula: 




wherein Y is selected from the group consisting of 
chloro, bromo, flouro, and iodo. 

61* A compound of the formula: 




wherein Y is selected from tho group consisting 
csjicntially of atkyl, alkenyl, alkynyl, hydroxyalky 1 , 
carboxyalkyl, thioalkyl, solonoalkyl, phenyl, cycloalkyl, 
cycloalkcnyl, thioaryl, and sclcnoaryl. 

<*2. A compound ot the formula: 




63. A compound of the formula: 




vhoroin Y is selected from tho group consisting of 
chloro, bromo, flouro, and iodo. 



04, A conpound of tho formula: 




wherein Y is selected trora tho group consisting 
essentially ot alkyi, aikenyl, alkynyl, hydroxyaikyl , 
carboxyalkyl , thioaikyi, solonoalkyl, phenyl, cycloalkyl, 
cycloalkcnyl , thioaryl, and solcnoaryl. 

6b. A compound of the formula: 




-SO- 



An cnantiomcrically-onrichcd compound of the formul 




An cnantiomericaliy-onrichcd compound of the formul 




wherein V ia solcctod from tho group consisting of 
chloro, brono, flouro, and iodo. 



An onantiomcrically-onrichcd compound of tho formula 




wherein Y ia selected from tho group conflicting 
essentially of alkyl, alkonyl, aikynyi, hydroxyalkyl , 
carboxyalkyl , thioalkyl, solcnoalkyl, phenyl, cycloalkyl, 
cycloalkenyl # thioaryl, and solonoaryl. 



69. An enantiomorically-enrichod compound of the formuli 

O 



H . N jycH a 

id 



70. An cnantiomorially-onrichcd compound of the foraulj 

ho-, *V 



vhoroin Y is selected trora the group consisting of 
chloro, bromo, fiouro, and iodo. 

71. An cnantiomcrically-cnrichcd compound of the formula: 

wherein Y ia selected fro.-a tho group consisting 
essentially ot aikyl, alkenyl, uikynyi, hydroxyalky 1 , 
carboxyalkyi, thioalkyl, solcnoalkyl, phenyl, cycloalkyl, 
cycloulkonyl , thioaryl, and aclonooryi. 



72 • An enantiomerically-onriched compound of tho f omuls 



u O 
H0-, 0*>T 
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ABSTRACT 



The present invention relates to a method of preparing 
L3CH-189 and various analogs of BCH-189 from inexpensive 
precursors with the option of introducing functionality as 
needed. This synthetic route allows tho stereoselective 
preparation of tho biologically active isomer of these compounds, 
fl-UCH-189 and related compounds. Furthermore, the stoochemistry 
at tho nucleoside 4* position can bo controlled to produce 
cnantiomerical ly-cnrichcd 3-DCH-1G0 and its analogs. 

c:\wpf \*m tent \cmory\uppl u.it .01 J/cck 
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the specification of which is attached hereto. ' 



I hereby state that I have reviewed and understand the contents of the above identified 
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I acknowledge the duty to disclose information which is material to the examination of 
this application in accordance with Title 37, Code of Federal Regulations, 11.56(a) . 
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all business in the Patent and Trademark Office connected therewith: 

£££ ffi willlaB H - N - dU at ~- ««> «b-o"o. 
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so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Oode and that such willful false statements my jeopardize tho 
validity of the application or any patent issued thereon. , wwuie tno 

Full name of first joint inventor: De npj»/C* Llotta ' ^ c C / 

Inventor's signature: ^FEb ^ i„ 7>M " patei 09 1 Of a, A 
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tat Office Address: 321SA Flowers Road, S., Atlanta, Georgia' 30341 



-55- 



EXPRESS MAIL NO. BOll 781 05N 
Page X of 2 

JO $ 

Applicant or Patentee: Dennis C. Liotta «t al. Attorney's 
Serial or Patent No. : Docket Ho,: 05X0.013 

For: MEXICO AND COMPOSITIONS FOR THE SYNDESIS OF BCH-189 AND RELATED COMPOUNDS 

VSRULLD tflAIVUHT (DKtAKNTXOM) ClADtPP flNAIIi BfTXTY 

(37 CYR 1.9(f) and 1.37 (d)) - MU M KU T I T CMMOSJffXOM 




X hereby declare that I am an official empowered to act on behalf of the nonprofit 
orcpviizatlon identified below: 

NAME OF ORGANIZATION: EMORY UNIVERSITY 

ADCRESS OF ORGANIZATION: 303 B Dental School 9 Atlanta, Georgia 30322 
TYPE OF ORGANIZATION: 

[X] University or other institution of higher education 

( ] Would qualify as tax exempt under Internal Revenue Service Code (26 USC 

501(a) and 501(c) (3)) if located in The United States of America 
[ ] Would qualify as nonprofit scientific or educational under statute of state 
of The United States of America if located in The United States of America 
(Name of state) ) 
(Citation of statute) ) 

I hereby declare that the nonprofit organization identified above qualifies as a 
nonprofit organization as defined in 37 OR 1.9 (e) for p u rpose s of paying reduced fees 
under section 41(a) and (b) of Title 35, United States Code with regard to the invention 
entitled ME7TH0O AND COMPOSITIONS FOR THE SYWIHESIS OF BCH-189 AND RELATED COMPOUNDS by 
inventor(s) Dennis C. Liotta and Woo-Baeg Choi described in the specification flXod 
herewith. 

I hereby declare that rights under contract or law have been conveyed to and remain with 
the nonprofit organization with regard to the above identified invention. 

If the rights held by the nonprofit organization are not exclusive, each individual, 
concern or organization having rights to the invention is listed below* and no rights 
to the invention are held by any person, other than the inventor, who could not qualify 
as a small business concern under 37 CFR 1.9(d) or by any concern which would not 
qualify as a small business concern under 37 CFR 1.9(d) or a nonprofit organization 
under 37 CFR 1.9(e). 

•NOTE: Separate verified statements are required for each named person, concern 
or organization having rights to the invention averring to their status as small 
entities. (37 CFR 1.27) 
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ADCRESS 



( ] INDIVIDUAL [ ] SMALL BUSINESS CONCERN ( ] NONPROFIT ORGANIZATION 
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